Introduction: Severe preoperative renal impairment (RI) is often included in score systems used to predict outcome after open cardiac surgery. The purpose of this study was to investigate the impact of mild preoperative RI on the early postoperative mortality after open heart surgery. 
Introduction
Cardiovascular disease remains the number one cause of mortality in the general population. Renal impairment (RI), ranging from new-onset mild reversible reduction in the glomerular filtration rate (GFR) to irreversible end stage renal disease (ESRD) requiring renal replacement therapy, has been found to be a significant, non-traditional risk factor for cardiovascular death and all cause mortality [1, 2] . Mild degrees of renal insufficiency and ESRD are both important risk factors for patients undergoing cardiac surgery [3] . The identification of preoperative risk factors for adverse outcomes after cardiac surgery is an important component of preoperative care. It identifies high-risk patients requiring special care and in whom new interventions can be developed to improve outcome [4] . Several studies have assessed the risk associated with mild or moderate RI in patients undergoing coronary artery bypass graft surgery (CABG) [5] [6] [7] . In these studies renal function has been defined according to levels of serum creatinine and not to estimated glomerular filtration rate (eGFR).
Plasma creatinine level is a highly specific marker of RI. However, it may be insensitive to mild and moderate degrees of RI because it depends on many non-renal factors including muscle mass, gender and metabolism [8, 9] . Recent data demonstrated that eGFR is a very powerful predictor of outcome in patients with acute myocardial infarction and is more accurate in this respect than serum creatinine [10, 11] .
The aim of the present study was to assess the impact of mild RI, defined as preoperative estimated GFR of 89-60 ml/min, on the short term outcome (30 days mortality) after open heart surgeries. and aortic cross clamp time, the need for vasopressor agents, prolonged mechanical ventilation (for more than 48 hours), the development of multi organ failure (MOF) (defined as more than two organ/system failures), post operative hemorrhage and/or infection, postoperative deterioration in kidney function (defined as more than 25% increase of serum creatinine from preoperative levels), the need for dialysis, and early post operative mortality (within 30 days of surgery). GFR was estimated using the Cockroft-Gault equation [12] . Mild preoperative RI was defined by eGFR of 89-60 ml/ min. Patients with eGFR less than 60 ml/min, those on mechanical ventilation before surgery and patients with missing data were excluded from the study.
Data were analyzed using SPSS for windows, version 13 (SPSS, Inc, Chicago, IL). Numerical variables were expressed as mean ± SD, whereas categorical variables were expressed as frequencies and percentages. Fisher exact test was used for univariate analysis. Logistic regression analysis was used for multivariate analysis of all statistically significant variables in the univariate analysis. Results were considered statistically significant if the P value was < 0.05.
Results
Open heart surgeries were performed for 885 subjects from January 2005 to June 2006, 385 subjects of whom had one or more exclusion criteria and were excluded from the study. Thus, 500 subjects with preoperative eGFR 60-89 ml/min were enrolled in the study. Patients' clinical characteristics are described ( Table 1 ).
The overall 30 days mortality was 6.8% (34/500); the mortality was 40.8% among patients with mild preoperative RI, 28.7% among patients who developed acute postoperative deterioration in renal function, and 33.3% among patients who required dialysis postoperatively ( Figure 1 ).
Univariate analysis showed statistically significant association between 30 days mortality and female gender, hypertension, COAD, mild preoperative RI, preoperative LVEF below 35%, ECCT time more than 100 minutes, cross clamp time more than 60 minutes, post operative hemorrhage, post-operative infection, postoperative use of more than two vasopressor agents, acute postoperative deterioration in kidney function, prolonged postoperative mechanical ventilation and postoperative development of MOF (Table 2) . Binary logistic regression analysis showed that postoperative development of MOF, female gender and mild preoperative RI were the only independent variables predicting early postoperative mortality after cardiac surgeries (Table 3) .
Discussion
It has been previously established that patients with severe RI, such as those requiring dialysis, have poor short-term outcome following CABG surgery [13, 14] . The two most commonly used risk stratification scoring systems for estimating perioperative mortality, give a weighting factor only for advanced renal disease or dialysis dependency [1, 2] . The present study established a strong independent association between preoperative mild RI and postoperative short-term (30 days) mortality. Multivariate analysis showed that mild preoperative RI (eGFR of 89-60 ml/min) is an important independent predictor of early postoperative mortality along with the development of postoperative MOF and female gender.
This finding is in accordance with previous studies [5, [15] [16] [17] [18] [19] [20] . Hayashida et al reported that RI was the second most important predictor of operative mortality after poor left ventricular function [21] . Also, Mageed et al reported RI as the second predictor of early postoperative mortality after timing of surgery [15] .
The mechanism by which RI contributes to perioperative mortality is unknown, but patients with mild RI have a high prevalence of traditional cardiovascular risk factors, including increased levels of inflammatory mediators, hypercoagulability, endothelial dysfunction, arterial stiffness or calcification and left ventricular hypertrophy [22] [23] [24] [25] [26] . Moreover, patients with RI have an increased postoperative risk of acute renal failure (ARF), bleeding, strokes, and prolonged ventilation [27] . They are often considered to be immune-compromised, which may render them less likely to recover quickly, and has been associated with greater mortality after cardiac surgery [28, 29] .
Most previous studies assessed the association between renal function and outcome after cardiac surgery by using the plasma creatinine level, but estimated GFR would be a better predictor in those particular patients [17, 30] . Wang et al confirmed that even if lower values of plasma creatinine were used to define renal dysfunction, eGFR would remain better for risk assessment in those patients [30] .
Documenting preoperative renal function is important as the presence of RI makes the kidney more vulnerable to ischemia and drug induced toxicity [15, [31] [32] [33] [34] . Estimating preoperative GFR could influence perioperative care by inducing attempts to improve renal function before surgery and by minimizing the exposure to potentially nephrotoxic agents before, during and after surgery. Although the impact of those interventions on outcome is unknown, the increased morbidity and mortality associated with postoperative deterioration of renal functions would justify attempts to minimize perioperative renal insults in patients with pre-existing renal impairment [32] .
Conclusion
Preoperative mild RI, defined by an eGFR of 60-89 ml/min, is a strong independent predictor of early postoperative mortality in patients undergoing cardiac surgeries. We suggest that the eGFR rather than plasma creatinine is used for assessing renal function in patients scheduled to undergo open cardiac surgery. This is expected to provide better evaluation of the risk of early postoperative death at no extra cost or inconvenience to the patient. 
Limitations of the study
This study was conducted at a single center and the results might not be applicable to all other centers performing cardiac surgeries. Cockcroft and Gault equation provides an acceptable estimate of GFR in most stable cardiac patients, but it may under estimates GFR and in turn overestimates the risk in obese patients and in patients with very low plasma creatinine levels [35] .
In contrast, the formula may overestimate GFR and in turn underestimate risk prediction in hemodynamically unstable patients with acute renal failure since plasma creatinine levels may not have time to reach its peak in those patients. 
